IGF-I mRNA and IGF-I production were also studied in cultured rat adipocytes. Male rats were hypophysectomized at about 50 days of age and given replacement therapy with cortisol (400 \g=m\g/kgper day) and thyroxine (10 \g=m\g/kgper day). GH was given as a single i.v. or s.c. injection and also as a continuous s.c. infusion for 6 days. Epididymal fat pads were excised and used either for isolation of adipocytes or for determination of IGF-I mRNA in adipose tissue. A solution hybridization assay was used. The IGF-I mRNA content of adipocytes was analysed either immediately after isolation or after short-term (2\p=n-\3days) culture with or without GH or IGF-I. Hypophysectomy resulted in a marked decrease in IGF-I mRNA in both tissue and cells. Replacement therapy (in vivo) with cortisol and thyroxine alone had no effect, whereas additional treatment with GH caused a dose-dependent increase in IGF-I mRNA. IGF-I mRNA was also increased after a continuous s.c. infusion of GH. A single i.v. injection of GH (100 \g=m\g) resulted in an increase in IGF-I mRNA after approximately 2 h, with maximal levels around 6 h after the injection. In cultured adipocytes, addition of GH to the culture medium increased IGF-I mRNA in a dose-dependent manner and a marked increase was observed with a concentration of GH of 1 ng/ml. Addition of IGF-I (100 ng/ ml) had no effect. The increase in IGF-I mRNA after addition of GH (100 ng/ml) was detectable after 3 h.
INTRODUCTION
Apart from its effects on somatic growth, growth hormone (GH) is also an important regulator of inter¬ mediary metabolism (Goodman & Schwartz, 1974) . Lack of GH results in an increase in body fat, whereas GH excess, as in acromegaly, results in a decrease in body fat (Edén, Bengtsson & Oscarsson, 1990) . In paradox to the latter effects of GH was the finding that the number of fat cells was low in patients with pituitary insufficiency (Brook, 1972) and that it was normalized after treatment with GH (Bonnet, Vanderschueren-Lodeweyckx, Eekels & Malvaux, 1974; Ginsberg-Felner, 1981) . Over the last few years, increasing evidence suggests that GH is important for differentiation of preadipocytes to adipocytes (Morikawa, Nixon & Green, 1982; Nixon & Green, 1984; Green, Morikawa & Nixon, 1985) .
Insulin-like growth factor-I (IGF-I) or somatomedin C is a GH-dependent peptide that is structurally related to insulin and that stimulates cell proliferation in a wide range of cell types. IGF-I has been shown to be synthesized in a number of different tissues and cell types (Humbel, 1990) . The effects of GH on growth and differentiation have been suggested to be an initial reaction with progenitor cells or stem cells and to involve a subsequent local production of IGF-I in the target tissue (Green et al. 1985 (Edén, Schwartz & Kostyo, 1982; Gause, Edén, Isaksson, DiGirolamo & Smith, 1985 IGF-I mRNA probe The radioactive probe was prepared as described by Melton, Krieg, Rebagliati et al. (1984) . In brief, the DNA clone used was a 153 bp genomic subclone (in pSP64 in both orientations) of mouse IGF-I corres¬ ponding to exon 3 (by analogy with human IGF-I) (Mathews, Norstedt & Palmiter, 1986) . Analyses of cDNA clones for IGF-I indicate that two forms of IGF-I mRNA could exist (Rotwein, 1986) . The structure of the probe used in this study would allow detection of both forms of IGF-I mRNA.
Northern blot analysis Total RNA was prepared according to Chomczynski & Sacchi (1987) . RNA (20 pg) was electrophoresed in an agarose (1%, w/v)/formaldehyde (2-2mol/l) gel. The RNA was transferred to a membrane (Hybond-N, Amersham, Bucks, U.K.) with a vacuum transfer system (LKB, Stockholm, Sweden), and baked at 80°C for 3 h. The membranes were prehybridized for 12-24 h at 57°C in a buffer consisting of 50% (v/v) formamide, 25 mmol NaHP04/l, 25 mmol NaH2P04/l, 5 standard saline citrate solution (SSC), (Leeuw, Slagboom & Vijg, 1989) .
Solution hybridization assay Total nucleic acids (TNA) were prepared essentially according to Durnam & Palmiter (1983 (Woolf, 1968 (Fig. 1) . In isolated adipocytes transcripts of the same sizes as in adipose tissue were detected (Fig. 1) .
In adipose tissue of hypophysectomized rats given replacement therapy with T4 and cortisol, levels of IGF-I mRNA were markedly reduced compared with sham-operated animals (Fig. 2) . Single i.v. injection of human GH (100 pg) resulted in increased mRNA levels detectable after 2 h and maximal levels were observed after 6h. Thereafter levels gradually declined (Fig. 2) . However, levels of IGF-I mRNA were below those found in normal rats also after injection of GH. In another experiment, two doses of human GH (100 and 1000 pg) were given as a single s.c. injection. After 10 h, the animals were killed and IGF-I mRNA levels determined in epididymal fat pads. In that experiment IGF-I mRNA levels increased to those of normal rats in hypophy¬ sectomized rats given the higher dose of GH (9-6 ± 0-6 amol/pg DNA in controls, 1-2 + 0-1 in hypo¬ physectomized rats, 3-4 + 0-4 in hypophysectomized animals given 100 pg hGH and 8-6+1-49 amol/pg DNA in animals given 1000 pg hGH; mean + s.e.m.; five observations in each group).
There was no effect of replacement therapy with days) partially restored IGF-I mRNA levels (7-6 + 0-8 amol/pg DNA; five independent observations). When adipocytes from normal animals were cultured for 24 h, IGF-I mRNA levels were lower than those in cells immediately after isolation (4-0 + 1 -4 amol/pg DNA and 16-6 + 0-9 amol/pg DNA respectively; three observations from each cell culture). Addition of GH (100 ng/ml) to the culture medium 24 h after cell isolation resulted in a time-dependent increase in IGF-I mRNA levels in the cultured adipocytes reach¬ ing maximal levels after about 24-72 h (Fig. 3) . The effect of GH was already apparent at a concentration of 1 ng/ml, and a further increase was observed at 10-100 ng/ml. However, culture of the cells in the presence of IGF-I (100 ng/ml) had no effect on IGF-I mRNA levels (data not shown).
Concentrations of IGF-I were measured in the culture media from adipocytes cultured in the presence or absence of GH (100 ng/ml) ( with the one used in the present study has hybridized to IGF-I mRNA species of 0-8, 1-5 and 7-5 kb in rat adipose cells (Doglio, Dani, Fredrikson et al. 1987) in line with the present results. Studies by Bell, Stempien, Fong & Rail (1986) and Shimatsu & Rotwein (1987) suggest that two forms of IGF-I mRNA exist in mouse and rat: IGF-IA mRNA and IGF-IB mRNA.
The rat IGF-IB mRNA is predominant in the liver and is barely detectable or undetectable in other tissues (Hoyt, Van Wyk & Lund, 1988; Lowe, Lasky, LeRoith & Roberts, 1988) . Both IGF-IA and IGF-IB mRNAs can be induced by GH administration to hypophysectomized rats (Lowe et al. 1988 ). The structure of the probe used in the present study corres¬ ponds to a part of the C peptide, the whole A and D pep tide and that part of the E peptide which is identical in the IA and IB pre-pro IGF-I molecules. The probe therefore permitted detection of both the IA and IB forms of IGF-I mRNA, but did not discriminate between the two forms. Thus potential differences in the regulation of various transcripts cannot be excluded from the present results.
Both human and bovine GH were used. Since it has been demonstrated that human GH induces antibody formation and has a lower biopotency in long-term experiments (Groesbeck & Parlow, 1987) , bovine GH was used in our long-term experiments. Human GH has a lactogenic effect in rodents and binds to the rat liver prolactin receptor (Postel-Vinay, 1976 ). Since bovine GH, which only binds to the somatogenic GH receptor, had similar effects on IGF-I mRNA to those of human GH, the observed effects of GH were most probably mediated through the somatogenic action of GH. Furthermore, prolactin does not seem to bind to rat adipocytes (Gause & Edén, 1986 Adipocytes were isolated by collagenase digestion essentially as described by Rodbell (1964) but with some modifications (Gause et al. 1985 ; Gause & Edén, 1986) . With these modifications, isolated adipocytes have been shown to respond to GH in vitro (Gause et al. 1985 ; Gause & Edén, 1986 ). The isolated cells were then cultured as described by Roupas & Herington ( 1986) . The collagenase digestion probably results in a decreased number of surface receptors for GH (Edén et al. 1982 ), but we do not believe that IGF-I mRNA levels were affected by this procedure since levels in the cells analysed immediately after isolation were similar to those observed in adipose tissue before digestion. After 12-24 h in culture IGF-I mRNA levels were markedly lower, possibly a reflection of the lack of GH. However, binding of GH markedly increases after this procedure (Roupas & Herington, 1986) , which might explain the high sensitivity of the cells to the addition of GH observed in this study.
The biological significance of IGF-I production in adipose tissue and mature adipocytes is unclear. Adipocytes from the rat seem to lack IGF-I receptors, and the effect of IGF-I on adipocytes is thought to be mediated through the insulin receptor (Massagúe & Czech, 1982) . Since rat adipocytes lack IGF-I recep¬ tors the possible effects of the locally produced IGF-I in adipocytes must be mediated in an autocrine fashion via the insulin receptor or in a paracrine fashion on adjacent cells. GH has been shown to be important for the differentiation of preadipocytes, an effect in which IGF-I is thought to be involved (Green et al. 1985) . IGF-I produced by mature adipocytes may therefore be of importance for the growth and differentiation of other cells in the tissue.
